Preface
A gyrotron traveling-wave tube (gyro-TWT) amplifier is capable of generating highpower and broadband coherent electromagnetic radiation on the level of hundreds of kilowatts in the millimeter-wave range. It is one of the most promising candidates of the electromagnetic-wave power amplifier for the next generation of imaging radars and long-range high-data-rate wireless communications. It would play an important role in many fields, such as national security, small objects tracking in the outer space, accurate atmosphere and weather monitoring, and so on. A gyro-TWT amplifies the driving power based on the convective instability principle of the relativistic electron cyclotron maser (ECM). The amplification simultaneously suffers from competing absolute instabilities, which lead to complicated self-excited oscillations. As a result, the instability competition not only stops the system from efficient operation but also hinders practical applications. Investigating the physics of the instability competition and exploring solutions to suppress self-excited oscillations turn into primary factors essentially related to the gyro-TWT development. Hence, it is of important academic value and engineering application to study the beam-wave interaction mechanism and to reveal the instability competition physics in depth, as a way to further enhance the amplifier performance and promote its application in high-power millimeter-wave radars and communication systems.
This book focuses on the beam-wave interaction mechanisms and the competition relations between the convective instability and the absolute instability in gyro-TWT amplifiers. The book starts with a technical review of the gyro-TWT development in past decades in Chap. 1. Chapter 2 presents a comprehensive presentation of the linear theory and nonlinear theory of ECM interaction. The main content of the book is conveyed in Chaps. 3, 4, and 5, including detailed investigation of the lossy dielectric-loaded (DL) waveguide, ultrahigh gain gyro-TWT amplifier, and lossy DL gyro-TWT amplifier. Chapter 6 is arranged as an exploratory section. Three novel concepts related to amplifier interaction circuit are introduced here. Chapter 7 presents some key technologies related to developing a gyrotron amplifier.
The contents of the book originate from recent years theoretical and engineering works on developing gyrotron amplifiers in our group. We try to present them in
